Purpose. In this study, we aim to evaluate the prognostic role of serum uric acid and gamma-glutamyltransferase in advanced gastric cancer patients. Methods. A total of 180 patients pathologically diagnosed with advanced gastric cancer were included in this retrospective study. We used time-dependent receiver operating characteristic (ROC) curves to identify the optimal cut-off value of serum uric acid (UA) and gamma-glutamyltransferase (GGT). Survival analysis was performed using the Kaplan-Meier method and log-rank test, and multivariate Cox regression analyses were applied. A nomogram was formulated, and the calibration and discrimination of the nomogram were determined by calibration curve and concordance index (C-index). We validated the results using bootstrap resampling and a separate study on 60 patients collected from 2015 to 2017 using the same criteria in other medical center. Results. Both higher serum uric acid (>228 μmol/L) and higher gamma-glutamyltransferase (>14 U/L) had worse OS and PFS. Univariate analysis indicated that serum uric acid (UA) (p < 0:001 and p < 0:001) and gamma-glutamyltransferase (GGT) (p < 0:001 and p = 0:044) were significantly related to overall survival (OS) and progressionfree survival (PFS), respectively. Multivariate analysis revealed serum uric acid (UA) and gamma-glutamyltransferase (GGT) were independent prognostic factors for OS (p = 0:012, p = 0:001). The optimal agreement between actual observation and nomogram prediction was shown by calibration curves. The C-indexes of the nomogram for predicting OS and PFS were 0.748 (95% CI: 0.70-0.79) and 0.728 (95% CI: 0.6741-0.7819), respectively. The results were confirmed in the validation cohort. Conclusion. We observed that both serum UA and GGT were poor prognostic factors in patients with advanced gastric cancer. And we also formulated and validated a nomogram which can predict individual survival for advanced gastric cancer patients.
Introduction
Gastric cancer (GC) is one of the most common cancers, rated as the third leading cause of cancer-related death worldwide [1] . Early diagnosis of GC is very difficult, and it is usually diagnosed at an advanced stage, leading to a very low level 5-year survival rate, especially in China [2] . Systemic chemotherapy is an important treatment for advanced gastric cancer (AGC). Despite advancement in oncologic therapies, the prognosis of AGC patients is still very poor, with median overall survival (OS) rarely exceeding 1 year [3] .
Recognized independent prognostic factors affecting the survival of AGC include tumor-related factors and systemic inflammatory factors [4] . Various hematological markers, such as neutrophil to lymphocyte ratio (NLR), C-reactive protein (CRP), and plasma fibrinogen levels, have been reported as effective prognostic indicators of AGC [5] [6] [7] [8] . However, other laboratory markers which are widely avail-able and inexpensive are also needed.
Uric acid (UA), the product of purine metabolism, derives from oxidation of hypoxanthine and xanthine by the enzyme xanthine oxidoreductase (XOR) in nucleotide metabolism. It is reported that serum uric acid (SUA) is related to various diseases, such as gout, cardiovascular disease, hypertension, acute ischemic stroke, and metabolic syndrome [9] [10] [11] . However, the association between uric acid and cancer is not very clear and still remains controversial, and studies on this question are highly limited. While SUA has been regarded to protect against cancer due to its antioxidant feature, some studies reported that hyperuricemia predicts poor survival in several cancers [12] .
Gamma-glutamyltransferase (GGT) is an enzyme involved in glutathione (GSH) metabolism [13] . Apart from its function as an indicator of liver diseases, serum GGT is regarded as a sensitive marker in several cancers. It is pointed out that GGT participates in tumor progression through oxidative stress pathways [14] . Both SUA and GGT have been regarded as oxidative stress markers and independent risk factors in cancer incidence.
However, in advanced gastric cancer, the prognostic relevance of SUA as well as GGT has not been elucidated. Accordingly, we aimed to evaluate the prognostic role of SUA and GGT in advanced gastric cancer.
Materials and Methods

Study Subjects.
We performed a retrospective study based on a primary cohort of 180 patients who were pathologically diagnosed with AGC at The Affiliated Hospital of Qingdao University between January 2013 and January 2017. The exclusion criteria consisted of gout, hyperuricemia, cardiovascular disease, diabetes mellitus, metabolic syndrome, hepatic or renal insufficiency, hypertension, infectious disease, other malignancy and patients whose complete clinical data were not available.
From January 2015 to January 2017, an independent cohort of 60 patients pathologically diagnosed with AGC at Qingdao Municipal Hospital formed the validation cohort. And the validation cohort had the same inclusion and exclusion criteria as the primary cohort.
Data Collection.
Clinicopathological data were extracted at the time of diagnosis, including age, sex, histopathological records, histologic type, differentiation, T-stage, N-stage, imaging reports, neutrophil, lymphocyte, monocyte, platelet, D-dimer, plasma fibrinogen, serum albumin (ALB), cholesterol, triglyceride, high-density lipoprotein (HDL), carcino-embryonic antigen (CEA), gamma-glutamyltransferase (GGT), uric acid (UA), carbohydrate antigen 19-9 (CA19-9), body mass index (BMI), past history, and family history. The last follow-up date was January 2018. And treatment protocols were obtained during the follow-up period. The study was approved by the Institutional Review Board of The Affiliated Hospital of Qingdao University and Qingdao Municipal Hospital, and all patients provided informed consent.
Statistical Analysis.
The time-dependent ROC curves were plotted to identify the optimal cut-off value. Survival curves were drawn using the Kaplan-Meier method and the log-rank test. Univariate and multivariate Cox regression models were used to identify the independent predictors. All statistical analyses were performed using the SPSS 24.0 statistical software program (IBM, USA).
Based on the results of multivariate analysis in primary cohort, a nomogram was plotted by using the package of rms in R version 3.5.1 (https://www.r-project.org/). In the internal validation, the discrimination of the nomogram was assessed by C-index, and the calibration was evaluated by calibration curve which compared nomogram-predicted with actual observed survival probability. The larger the Cindex, the more accurate was the prognostic prediction. In the external validation, based on the established nomogram, we calculated the total points of each patient in the validation cohort and performed Cox regression using the total points as a factor; finally, the C-index and calibration curve were obtained according to the regression analysis. p < 0:05 was defined as statistically significant.
Results
Clinicopathologic Characteristics of Patients.
In the primary cohort, a total of 180 patients diagnosed with advanced gastric cancer were included. Among them, there were 41 females and 139 males, and the median age was 60 years with a range from 24 to 88 years. The median OS was 11 months (range: 1-49 months). The histologic differentiation was as follows: poorly differentiated (n = 160, 88.9%), moderate, or well-differentiated (n = 20, 11.1%). Distant lymph node (n = 80, 44.4%) was the most common sites of metastases, followed by liver metastasis (n = 45, 25%). In the validation cohort, there were 60 patients. The clinicopathologic characteristics of patients in the cohorts are shown in Table 1 .
We performed time-dependent ROC curve to identify the optimal cut-off value based on the largest Youden's index. An SUA of 228 μmol/L calculated by time-dependent ROC curve showed the best specificity and sensitivity, and the area under the curve (AUC) of SUA was 0.72 (95% confidence interval (CI): 0.62-0.81, The cut-off value of GGT was 14 U/L, with an AUC of 0.73 (95% CI: 0.64-0.82; Figure 1 ).
As shown in Figure 2 , the survival curve of the high SUA group (>228 μmol/L) was different from that of the low group significantly (median OS: 11.00 months vs. 19 .00 months, p < 0:001, Figure 2 (a); median PFS: 7.00 months vs. 11.00 months, p < 0:001, Figure 2 (c), respectively). And the high GGT patients (>14 U/L) also had a significantly shorter OS and PFS than the low GGT patients (median OS: 11.00 months vs. 23.00 months, p < 0:001, Figure 2 (b); median PFS: 7.00 months vs. 11.00 months, p = 0:0044, Figure 2 (d), respectively). Table 2 shows the results of the univariate analysis in the primary cohort. On multivariate analysis, SUA, CA199, chemotherapy, and TNM stage were significantly independent prognostic factors for OS (p = 0:012, p = 0:013, p < 0:001, and p = 0:008) and PFS (p < 0:001, p < 0:001, p = 0:012, and p < 0:001). What is more, age, GGT, and lung metastasis were also independent prognostic factors for OS (p = 0:004, p = 0:001, and p = 0:008, respectively; Table 3 ). Figure 3 , the prognostic nomogram combined all the important independent factors for OS and PFS in the primary cohort. The Harrell's C-indexes were 0.748 (95% CI: 0.70-0.79) and 0.728 (95% CI: 0.6741-0.7819). The calibration curve for the survival probability indicated an optimal agreement between actual observation and nomogram prediction (Figures 4 and 5) . 
Independent Prognostic Factors in the Primary Cohort.
Prognostic Nomogram for OS and PFS. As shown in
Discussion
In this study, we evaluated the prognostic significance of serum UA and GGT in advanced gastric cancer. We observed that high levels of SUA had worse OS and PFS, the same as GGT. And we also performed a nomogram for predicting survival of AGC patients. Serum uric acid is a useful marker for diagnosis in many diseases, such as gout, metabolic syndrome, obesity, insulin resistance, T2DM, hypertension, and cardiovascular disease [15] [16] [17] . Recently, the correlation between uric acid and cancer has been reported in several studies, which yielded inconsistent findings. Ames et al. firstly made an assumption that uric acid provided an antioxidant defense against cancer. This hypothesis was based on the point that free oxygen radicals were cleared by XOR, thereby protecting against carcinogenesis [12] . Taghizadeh et al. revealed that elevated levels of SUA were related to a low risk of cancer mortality from a large cohort followed up for 38 years [18] . And studies also pointed out the fact that SUA levels were lower in lung cancer and oral cancer patients compared with healthy controls [19, 20] . However, Hiatt and Fireman showed that cancer incidence was not associated with SUA in a large female cohort [21] . Opposite to the protective effect of SUA, some studies demonstrated a rather positive correlation between SUA and cancer, showing that high SUA levels were a risk factor for cancer morbidity and mortality. For example, Petersson et al. proposed that increased uric acid was associated with increased cancer mortality in 1984 [22] . Kolonel et al. found that high levels of uric acid could increase the incidence of prostate cancer [23] . Similarly, in a large prospective study with male and female European cohorts conducted by Strasak et al. [24] , it was determined that elevated SUA was significantly related to high risk of cancer mortality (p < 0:0001). And Strasak et al. also demonstrated a J-shaped dose-response relationship between SUA and cancer incidence [25] . Furthermore, a meta-analysis elucidated that high levels of SUA Note: the time-dependent receiver operating characteristic (ROC) curves were plotted to determine the optimal cut-off value. increased the risk of cancer incidence and mortality, which differed by gender [26] .
Uric acid was also reported as an independent prognostic factor in various cancers. Prior studies have found that elevated levels of SUA predicted a poor survival prognosis in colorectal cancer, non-small-cell lung cancer, pancreatic cancer, esophageal carcinoma, and terminally ill cancer patients [27] [28] [29] [30] [31] . On the contrary, in nasopharyngeal carcinoma and colon cancer, high SUA was a favorable prognostic factor [32, 33] . In our study, high pretreatment SUA levels were significantly and independently related to short PFS and OS in advanced gastric cancer.
Several studies also demonstrated that a high level of GGT was associated with higher incidence, recurrence, metastasis and poor prognosis in several cancers. Commonly, serum GGT was regarded as a marker for hepato-biliary tract diseases, especially alcoholic liver disease [34] . Interestingly, several large-scale cohorts studies have indicated that serum GGT was positively related to cancer incidence and site-specific cancers, such as cancers of the respiratory, digestive, and genital organs among both females and males, and GGT was also influenced by environmental and lifestyle factors (such as pollutants, alcohol consumption, smoking, and diet) [35] [36] [37] [38] . Simic et al. reported that serum GGT increased in metastatic renal cell carcinoma patients [39] . On the other hand, high GGT was linked to an advanced stage in patients with renal cancer and cervical cancer [40, 41] . In addition, emerging evidence showed that high pretreatment serum GGT levels were correlated to poor prognosis independently in endometrial cancer [42, 43] , advanced cervical cancer [44, 45] , epithelial ovarian cancer [46] , primary metastatic breast cancer [47] , gallbladder cancer [48] , and nonmetastatic renal cell carcinoma [49] .What is more, Wang et al. identified that both serum and tumor GGT levels were poor prognostic factors in patients with gastric cancer, which was in accordance with our results [50] . The mechanism of SUA and GGT in cancer has not been illustrated clearly. It was pointed out that both SUA and GGT were associated with the metabolic syndrome and regarded as oxidative stress markers. And these two markers were independent factors in cancer incidence.
SUA has an antioxidant capacity in the extracellular environment [51] but may also play a dual role as a prooxidant [52] . There are several potential mechanisms. Extracellular UA is proposed to be an antioxidant and a scavenger of hydroxyl radicals and singlet oxygen to protect against cancer [12] . Moreover, dying tumor cells may release uric acid, which can potentiate the immune system against cancer and inhibit tumor cell proliferation and migration [44, 53, 54] . However, contrary to the above hypothesis, high levels of UA have been postulated to have proinflammatory properties that contribute to tumorigenesis. And C-reactive protein, adiponectin, and leptin play an important role in inflammatory environment that are related to SUA and cancer [55] . Furthermore, when UA enters cancer cells, it could inhibit XOR expression which may increase COX-2 levels. Besides, it can also trigger inflammatory stress that is caused by the effects of intracellular UA on COX-2 activation and reactive oxygen species (ROS) generation [55, 56] . Thus, elevated UA levels might promote tumor cell proliferation, migration, and survival. In addition, GGT is also influenced by environmental and lifestyle factors. In our study, increased uric acid was found to be related to poor survival in advanced gastric cancer.
The specific mechanism of GGT in carcinogenesis remains poorly understood. It is uncertain whether GGT has a direct role in tumorigenesis. Serum GGT is related to both inflammation and oxidative stress. Experimental evidence has reported that GGT could regulate crucial redox-sensitive functions, such as cellular proliferative/apoptotic balance. And GGT is a source of ROS during glutathione metabolism, contributing to drug resistance, tumor progression, and invasion [57] . Additionally, it was found that elevated GGT may trigger inflammation in the prostate, because it could modulate the inflammatory mediator [45] . Moreover, elevated GGT may also be correlated with hyperglycemia, which can result in the overproduction of ROS [58] . Finally, GGT may be influenced by environmental and lifestyle factors, which may have direct effects on carcinogenesis [59] .
In our study, we evaluated the prognostic value of UA and GGT in AGC patients simultaneously. As we all know, it is important to determine proper cut-off values of UA and GGT. Unlike previous studies, we performed the time-dependent ROC curve to select the proper cutoff values. Also, we have made strict inclusion criteria to exclude the impact of selection bias as possible. With good association with histologic differentiation, GGT and UA had a good association with AGC prognosis. And in multivariate analysis, GGT and UA were independent predictors of OS. What is more, nomograms have been shown to be accurate for predicting cancer prognosis. Thus, a prognostic nomogram for patients with AGC was constructed. The nomogram had a good predictive effect on survival, which was validated by the C-index and the calibration curve. Our study is believed to be the first to show that both serum UA and GGT are independent factors for the prognosis in advanced gastric cancer. And we constructed a nomogram for predicting survival. Based on this easyto-use scoring system, physicians could predict an individualized survival. However, there are several limitations in our study. First, a relatively small sample size is a major limitation. Second, this is a retrospective study, and we cannot fully exclude selection bias. What is more, even if we exclude some interference factors, other confounders related to UA and GGT, such as diet, alcohol consumption, and exercise, are not included as variables in this analysis. Besides, all patients included in this study are Chinese. In spite of these limitations, our results indicate that serum UA and GGT could be novel prognostic markers in advanced gastric cancer.
In conclusion, we confirmed that both serum UA and GGT were poor prognostic factors in AGC patients. Figure 5 : The calibration curve for predicting patient progression-free survival at (a) 6 months and (b) 1 year in the primary cohort and at (c) 6 months in the validation cohort. Nomogram-predicted probability of progression-free survival is plotted on the x-axis; actual progressionfree survival is plotted on the y-axis.
Besides, we performed a nomogram for predicting an individualized survival of AGC patients. And further prospective and multicenter studies on larger scales are needed to confirm our findings. 
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